play an accelerated rate of senescence in vitro 2 , which has been linked to this progeroid phenotype. The senescence of normal human fibroblasts is triggered by telomere shortening [3] [4] [5] , whereas the premature senescence of WS fibroblasts has been assumed 6, 7 to reflect the accumulation of DNA damage. Here we show that forced expression of telomerase in WS confers extended cellular lifespan and probable immortality.
The WS gene (WRN) encodes a member of the RecQ family of DNA helicases 8 . WS cells are karyotypically unstable and show a distinctive mutator phenotype 9, 10 .
Telomerase prevents the accelerated cell ageing of Werner syndrome fibroblasts [3] [4] [5] , forced expression of hTERT following retroviral infection of HCA2 normal human fibroblasts 13 confers telomerase activity (Fig. 1a) and extends cellular lifespan. Several clones have now exceeded 180 population doublings (PD) beyond the point when the parental HCA2 culture senesced. The control pBABE retrovirus neither confers telomerase activity (Fig. 1a) nor extends cellular lifespan.
We obtained primary dermal fibroblast cultures from WS patients from the NIA Aging Cell Repository. AG03141B cells, from a primary WS fibroblast strain that expresses no detectable WRN protein 14 , are telomerase-negative and infection with pBABE did not confer telomerase activity (Fig. 1a) . We isolated 16 puromycin-resistant AG03141B: pBABE clones in two separate experiments; all senesced before undergoing 20 PD. Several thousand puromycin-resistant AG03141B:pBABE clones were pooled from four additional experiments and mass cultured; again, no lifespan extension was observed.
In contrast, all 15 telomerase-positive (Fig. 1a) clones from parallel infections with pBABE-hTERT showed lifespan extension and continue to grow. The growth curves for seven AG03141B: pBABE-hTERT clones derived from one infection are shown (Fig. 2) . Telomere length was extended to approximately 10-13 kb (Fig. 1c ) compared with AG03141B:pBABE control colonies (Fig. 1b) . Telomerase activity was retained throughout the time-course analysed (data not shown). Two AG03141B: pBABE-hTERT clones have now undergone in excess of 100 PD (Fig. 2) , a point at which a normal adult dermal fibroblast culture (for example, expressing human papilloma virus E6/E7) would have been expected to reach the M2 'crisis' phase 13 . For this reason we consider these cultures immortal.
We performed these experiments on six independent occasions (we analysed pooled colonies on four occasions), each time with identical results. We also analysed pooled colonies for two additional, independent WS patient cultures, AG05229B and AG12797A. In both cases all pBABE clones senesced, whereas all pBABE-hTERT cultures showed lifespan extension. AG05229B:pBABEhTERT pooled clones have currently undergone an additional 60 PD compared with the AG05229B:pBABE control, whereas the equivalent AG12797A: pBABE-hTERT clones have undergone an additional 44 PD, and both continue to grow.
Despite analysing several thousand pBABE control clones derived from three independent WS patients, we never obtained an immortal clone. Therefore, despite their known chromosomal instability 9 , WS fibroblasts do not spontaneously immortalize at a significant rate. In contrast, telomerase activity and telomere extension is sufficient to prevent the premature senescence of WS fibroblast cultures and yield immortal cell lines. This suggests that one consequence of the WS defect is the acceleration of normal telomere-driven replicative senescence, and suggests a route to therapeutic intervention in a human progeroid syndrome.
